###### Strengths and limitations of this study

-   This meta-analysis is the first to summarise the global incidence of surgical site infections after appendectomy.

-   We investigated WHO region, level of income and surgical procedure as sources of heterogeneity.

-   We were not able to investigate all sources of heterogeneity due to missing information in the original studies.

-   There were few studies from low-income countries and from Africa.

Introduction {#s1}
============

Defined as an acute inflammation of the vermiform appendix,[@R1] evidence abounds that acute appendicitis is the most common abdominal surgical emergency,[@R2] with an incidence of almost 100 per 100 000 person-years reported in Australia, Europe and North America.[@R3] Evidence suggests appendectomy, the surgical removal of the vermiform appendix, as first-line treatment for acute appendicitis, although antibiotic therapy may be efficacious for a selected group of patients with uncomplicated acute appendicitis.[@R5] Appendectomy is a relatively safe surgical intervention with a case fatality rate of 2.1--2.4 per 1000 patients, as reported in studies conducted in Europe.[@R8]

Innovations in appendectomy, especially with the advent of minimally invasive or laparoscopic surgery in 1983,[@R10] which has replaced the traditional open appendectomy in most of high-income countries, have led to a drastic reduction in the morbidity and mortality related to appendectomy.[@R11] Laparoscopic appendectomy is now recognised as the gold standard surgical approach for uncomplicated acute appendicitis owing to its merits over open surgery: less postoperative pain, reduced postoperative ileus, shorter hospital stay, rapid postoperative recovery and better aesthetic scars.[@R14]

However, regardless of the surgical technique (laparoscopic or open surgery), appendectomy remains a sceptic surgical intervention associated with a substantial risk of surgical site infections (SSIs). SSIs after appendectomy are postoperative nosocomial infections affecting the incision site, deep tissues and organs at the operative site within 30 days after the surgical procedure.[@R20] SSI following appendectomy is a serious postoperative medical concern that increases the financial burden for both the healthcare system and the patient. It also has a negative impact on the patient's health-related quality of life.[@R23]

SSI is both the most frequently studied and the leading healthcare-associated infection reported hospital-wide in low-income and middle-income countries.[@R29] A recently published prospective, international, multicentre cohort study suggested a higher burden of SSIs after any gastrointestinal surgery in low-income countries compared with high-income countries.[@R30] However, there is no global systematic review with meta-analysis reporting the burden of SSI after appendectomy or comparing the burden between regions and between country level of income. It would be interesting to have such accurately estimated data to construct efficient strategies to globally curb the burden of SSI after appendectomy. To fill this gap, the current systematic review and meta-analysis aimed to summarise contemporary data on the occurrence of SSI after appendectomy.

Methods {#s2}
=======

Design {#s2-1}
------

This systematic review and meta-analysis was registered in the International Prospective Register of Systematic Reviews (PROSPERO). The protocol has been published in a peer-reviewed journal.[@R31] This review is reported according to the guidelines of the Meta-analysis of Observational Studies in Epidemiology and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses.[@R32]

Eligibility criteria {#s2-2}
--------------------

We considered observational studies (cross-sectional, case--control and cohort) and clinical trials of appendectomy patients. The outcome of interest was incidence of SSI in patients with appendectomy (or enough data to compute this estimate, i.e. number of cases of SSI and sample size). We excluded letters, reviews, commentaries and editorials, and studies that lacked key data and/or explicit method description, as well as studies where relevant data on SSI after appendectomy were impossible to extract even after contacting the corresponding author.

Search strategy {#s2-3}
---------------

We searched EMBASE, PubMed and Web of Science (Web of Science Core Collection, Current Contents Connect, KCI-Korean Journal Database, SciELO Citation Index, Russian Science Citation Index) to identify observational studies published between 1 January 2000 and 30 December 2018. No language restrictions were applied. The initial search strategy was designed for EMBASE and was adapted for use in other databases. The search strategy, as illustrated in [online supplementary table 1](#SP1){ref-type="supplementary-material"} and in the study protocol,[@R31] was based on a combination of relevant text words and medical subject headings related to SSI. Moreover, the references of all relevant articles found were scrutinised for potential additional data sources. When a full text was not available, it was requested via the corresponding author by email. For duplicates or studies published in more than one report, the one reporting the largest sample size was considered.
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Study selection {#s2-4}
---------------

Two reviewers (CD and AM) independently screened the title and abstract of articles for eligibility. Full texts of potentially eligible articles were retrieved and screened for final inclusion. Disagreements between the two reviewers were solved by discussion, and when a consensus was not reached a third reviewer (JNT) resolved discrepancies. Studies in languages other than French, English and Spanish were translated using Google Translate.

Data extraction and management {#s2-5}
------------------------------

A standardised and pretested data extraction form was used by five reviewers (CD, JNT, AM, RNTN, CMM) to independently extract data from individual studies. A sixth reviewer (JJB) independently extracted the data for accuracy. The last name of the first author, year of publication, country, study design, age groups, sample size, mean or median age, proportion of men, specific conditions of the study population, the surgical method (open surgery or laparoscopy), and incidence of SSI after appendectomy in the study population (or enough data to compute this estimate) were extracted.

To assess the methodological quality of each study, two reviewers (CD and CMM) used an adapted version of the bias assessment tool for prevalence studies developed by Hoy and colleagues.[@R34]

Data synthesis and analysis {#s2-6}
---------------------------

A meta-analysis was used to summarise data on the incidence of SSIs by pooling together data of studies reporting the incidence of SSIs. Study-specific estimates were then pooled through a DerSimonian and Laird random-effects meta-analysis model to obtain an overall summary estimate of the incidence across studies, after stabilising the variance of individual studies using the Freeman-Tukey double arc-sine transformation.[@R35] Incidence was expressed by 100 surgical procedures for appendectomy with their 95% CI and 95% prediction interval. Heterogeneity was evaluated using the χ² test on Q statistic, which is quantified by I² values,[@R36] assuming that I² values of 25%, 50% and 75% represent low, medium and high heterogeneity, respectively.[@R37] Where substantial heterogeneity (I² \>50%) was detected, a subgroup analysis was performed to detect possible sources using the following grouping variables: type of surgery (laparoscopy or open), WHO region and country level of income. A p value \<0.05 was indicative of statistically significant difference. A meta-regression analysis was performed to estimate the explained heterogeneity of each covariate included in the subgroup analysis. Inter-rater agreement for study inclusion was assessed using Cohen's κ coefficient.[@R38] Funnel plot analysis and Egger's test (p\<0.10) were performed to detect the presence of publication bias.[@R39] Since we assumed that the incidence estimates of interest would likely be published even if substantially different from previously reported estimates, we have not reported adjusted incidence estimate in the case of publication bias. Data were analysed using the '*meta*' package in R V.3.6.1.

Patient and public involvement {#s2-7}
------------------------------

Patients or the public were not involved in the design, conduct, reporting or dissemination of our research.

Results {#s3}
=======

Study selection and characteristics {#s3-1}
-----------------------------------

Overall, 619 records were initially identified. After removal of duplicates, and screening of study titles, abstracts and full texts, 226 studies including 729 434 patients remained for meta-analysis ([online supplementary figure 1](#SP1){ref-type="supplementary-material"}). The full list of included studies is in the [online supplementary appendix 1](#SP1){ref-type="supplementary-material"}. With regard to methodological quality, 59 (26.1%) studies had low risk of bias, 147 (65.0%) moderate risk of bias and 20 (8.8%) high risk of bias. The characteristics of the included studies are presented in [online supplementary table 2](#SP1){ref-type="supplementary-material"}. Among the included studies, 154 were conducted in high-income, 36 in upper-middle, 27 in lower-middle and 9 in low-income countries. Overall, most of the studies were from Europe (n=68) and the Americas (n=67). SSI was defined according to the Centers for Disease Control and Prevention criteria in 50 studies, while 25 studies used other criteria. The definition of SSI was not clearly given in 151 studies. Individual characteristics of the included studies are shown in [online supplementary table 3](#SP1){ref-type="supplementary-material"}.

Overall incidence {#s3-2}
-----------------

The overall incidence of SSI after appendectomy was 7.0 per 100 appendectomies (95% prediction interval: 1.0--17.6), varying from 0% to 37.4%, with substantial heterogeneity and publication bias ([online supplementary figure 2](#SP1){ref-type="supplementary-material"}). The sensitivity analysis including only studies with low risk of bias yielded a very close incidence to crude analysis ([table 1](#T1){ref-type="table"}).

###### 

Summary statistics of meta-analysis of the incidence of surgery site infections after appendectomy

                                   Incidence per 100 surgical procedures (95% CI)   95% prediction interval   Studies (n)   Participants (n)   H (95% CI)            I² (95% CI)           P heterogeneity   P Egger's test   P difference
  -------------------------------- ------------------------------------------------ ------------------------- ------------- ------------------ --------------------- --------------------- ----------------- ---------------- --------------
  Global                           7.0 (6.4 to 7.7)                                 1.0--17.7                 226           729 434            8.9 (8.7 to 9.1)      98.7 (98.7 to 98.8)   \<0.0001          \<0.0001         --
   Low risk of bias                6.9 (6.0 to 7.9)                                 1.6--15.2                 59            204 450            6.7 (6.3 to 7.1)      97.7 (97.4 to 98.0)   \<0.0001          \<0.0001         --
  By level of income                                                                                                                                                                                                          
   Low                             11.1 (5.5 to 18.2)                               0.0--42.2                 9             1496               3.8 (3.0 to 4.8)      93.1 (89.0 to 95.6)   \<0.0001          0.735            0.015
   Lower-middle                    9.2 (6.3 to 12.6)                                0.0--31.6                 27            10 379             5.1 (4.6 to 5.7)      96.2 (95.3 to 96.9)   \<0.0001          0.960            
   Upper-middle                    8.5 (6.5 to 10.8)                                0.3--25.3                 36            26 557             5.4 (2.9 to 5.9)      96.6 (95.9 to 97.1)   \<0.0001          0.392            
   High                            6.2 (5.6 to 6.9)                                 0.9--15.3                 154           691 002            9.5 (9.2 to 9.8)      98.9 (98.8 to 99.0)   \<0.0001          \<0.0001         
  By WHO regions                                                                                                                                                                                                              
   Africa                          12.6 (3.3 to 26.4)                               0.0--72.5                 8             3001               9.1 (7.9 to 10.5)     98.8 (98.4 to 99.1)   \<0.0001          0.628            \<0.0001
   Western Pacific                 9.6 (8.1 to 11.2)                                2.3--20.8                 43            30 822             3.8 (3.5 to 4.2)      93.2 (91.7 to 94.4)   \<0.0001          0.150            
   Eastern Mediterranean           8.2 (6.4 to 10.2)                                1.7--18.6                 23            7779               2.6 (2.2 to 3.1)      85.3 (79.1 to 89.6)   \<0.0001          0.515            
   South-East Asia                 7.6 (4.7 to 11.1)                                0.0--24.6                 16            5782               3.8 (3.2 to 4.5)      93.0 (90.1 to 95.0)   \<0.0001          0.0001           
   The Americas                    5.9 (5.2 to 6.6)                                 1.9--11.7                 67            401 931            7.5 (7.1 to 7.9)      98.2 (98.0 to 98.4)   \<0.0001          0.0004           
   Europe                          5.8 (4.6 to 7.0)                                 0.0--19.1                 68            276 793            10.4 (10.0 to 10.8)   99.1 (99.0 to 99.1)   \<0.0001          \<0.0001         
  By type of surgical procedure                                                                                                                                                                                               
   Laparoscopy with open surgery   4.6 (2.5 to 7.2)                                 0.0--15.6                 10            4892               3.2 (2.6 to 4.2)      90.7 (85.0 to 94.2)   \<0.0001          0.942            0.0002
   Laparoscopy                     4.6 (3.4 to 5.9)                                 0.0--14.3                 40            33 873             4.4 (4.0 to 4.8)      94.7 (93.6 to 95.7)   \<0.0001          0.0002           
   Open surgery                    11.0 (7.9 to 14.4)                               0.0--39.3                 44            13 120             5.7 (5.2 to 6.1)      96.9 (96.4 to 97.3)   \<0.0001          0.077            

H, H statistics.

Sources of heterogeneity {#s3-3}
------------------------

According to country level of income ([figure 1](#F1){ref-type="fig"} and [online supplementary appendix 1](#SP1){ref-type="supplementary-material"}), the incidence of SSI after appendectomy increased when the level of income decreased, from 6.2 in high-income countries to 11.1 per 100 appendectomies in low-income countries (p=0.015) ([table 1](#T1){ref-type="table"}).

![Global incidence of surgical site infection after appendectomy, by level of country income.SSI: surgical-site infection; C.I.: confidence intervals.](bmjopen-2019-034266f01){#F1}

The incidence varied widely across the WHO regions ([figure 2](#F2){ref-type="fig"} and [online supplementary appendix 1](#SP1){ref-type="supplementary-material"}), from 5.8 in Europe to 12.6 per 100 surgical procedures in Africa (p\<0.0001) ([table 1](#T1){ref-type="table"}). Two regions (Europe and the Americas) had an incidence of \<6 per 100 appendectomies, three an incidence between 6 and 10 per 100 appendectomies (South-East Asia, Eastern Mediterranean and Western Pacific), and one an incidence of \>10 per 100 appendectomies (Africa) ([table 1](#T1){ref-type="table"}). The incidence also varied widely within different regions. The incidence varied from 0.2 to 32.0 in Africa, 1.9 to 37.4 in Western Pacific, 1.3 to 33.8 in Eastern Mediterranean, 1.2 to 25.8 in South-East Asia, 0.1 to 37.4 in the Americas, and 0 to 20.0 per 100 appendectomies in Europe ([figure 2](#F2){ref-type="fig"} and [online supplementary appendix 1](#SP1){ref-type="supplementary-material"}).

![Global incidence of surgical site infection after appendectomy, by WHO region.SSI: surgical-site infection; C.I.: confidence intervals.](bmjopen-2019-034266f02){#F2}

Open appendectomy, with an incidence of 11.0 (95% prediction interval: 0.0--39.3) per 100 appendectomies, was found to have a higher incidence of SSI compared with laparoscopic appendectomy, which has an incidence of 4.6 (95% prediction interval: 0.0--14.3) per appendectomies (p=0.0002) ([figure 3](#F3){ref-type="fig"} and [online supplementary appendix 1](#SP1){ref-type="supplementary-material"}).

![Global incidence of surgical site infection after appendectomy, by type of surgical procedure.SSI: surgical-site infection; C.I.: confidence intervals.](bmjopen-2019-034266f03){#F3}

Heterogeneity in the overall incidence of SSI after appendectomy was explained by WHO region (17.1%), country level of income (11.1%) and type of surgical procedure (4.9%). We conducted a post-hoc analysis; then in a meta-regression analysis of 119 studies reporting data on the use of antibiotics, there was no association between variation in SSI incidence and proportion of patients with antibiotics (coefficient: 0.0010 (95% CI −0.0004 to 0.0023), p=0.170). However, most (79.5%) of these studies reported use of antibiotics in all patients.

Discussion {#s4}
==========

This first systematic review and meta-analysis of data on 729 434 appendectomies in 226 studies from 49 countries found an overall incidence of SSI of 7.0 per 100 surgical procedures for appendectomy, varying from 0 to 37.4 per 100 appendectomies, with substantial heterogeneity according to WHO region, country level of income and type of surgical procedure. The incidence increased with decreasing country level of income and was higher when using open surgery compared with laparoscopy. The incidence significantly varied by WHO region, with Africa having the highest burden, followed by the Western Pacific, Eastern Mediterranean and South-East Asia. We found no association between SSI incidence and proportion of patients using antibiotics.

Healthcare-associated infections are acquired by patients when receiving care and are the most frequent adverse event affecting patient safety worldwide. These include SSI after appendectomy.[@R40] As reported in a previous systematic review and meta-analysis, SSI was the leading infection in hospitals in developed countries.[@R29] The high incidence we found in this study suggests that SSI after appendectomy remains a global public health concern. WHO reported that in every 100 hospitalised patients at any given time, 7 in developed and 15 in developing countries will acquire at least one healthcare-associated infection.[@R40] SSIs are mainly caused by micro-organisms resistant to commonly used antimicrobials, which can be multidrug-resistant. Indeed, more than 50% of SSIs can be antibiotic-resistant.[@R41] The leading micro-organisms identified in SSIs are *Staphylococcus aureus*, coagulase-negative staphylococci and *Escherichia coli*, as reported by the National Healthcare Safety Network.[@R41] It is a concern since *S. aureus* and *E. coli* are the micro-organisms with the highest proportion of antibiotic resistance, respectively resistant to oxacillin/methicillin in 43% of cases and to fluoroquinolones in 25% of cases.[@R41] A recent international prospective cohort study has shown that 21.6% of patients with SSI after any gastrointestinal surgery had an infection that was resistant to the prophylactic antibiotics used.[@R30] There are many factors that can favour SSI, including patient-related and procedural-related factors.[@R42] These factors can be classified into two categories: non-modifiable factors such as age and sex, and modifiable factors including nutritional status, tobacco use, correct use of antibiotics, obesity, diabetes, prolonged duration of surgery, presurgery hospital stay of at least 2 days, lower volume of hospital and surgeons, and intraoperative techniques.[@R40] Strategies to curb the burden of SSIs should therefore focus on addressing these identified factors. However, we were not able to find an association between SSI and use antibiotics, which may be due to the low variability in the proportion of antibiotics in the original studies.

In the current study looking specifically at SSI after appendectomy, we also found that SSI was higher in low-income countries. Interestingly, there was a trend of increasing incidence when the country level of income decreased. In this study, the WHO Africa region, essentially composed of sub-Saharan Africa, was the region with the highest incidence. The WHO estimates that the endemic burden of healthcare-associated infections is two to three times significantly higher in low-income and middle-income countries than in high-income nations.[@R40] The highest burden found in Africa may be associated with the fact that most of the countries in this continent are low-income countries with perhaps limited resources for perioperative spesis control compared with other regions. Indeed, factors associated with increased risk of SSI after appendectomy may be higher in low-income settings. The burden of diabetes, obesity and undernutrition is increasing in low-income countries.[@R43] There is also inadequate use of antimicrobials in low-income and middle-income countries, and micro-organisms are more resistant to prophylactic antibiotics used to prevent SSI in low-income countries compared with high-income countries.[@R30] Lower level income is also associated with lower volume of surgeons and hospitals, factors that are recognised to be associated with increased risk for SSIs.[@R40] The higher incidence found in low-income countries may also be explained by the fact that open surgery is the most used surgical procedure in this setting. Indeed, we found, as in other studies, that open surgery is associated with higher incidence of SSI compared with laparoscopy.[@R47] Laparoscopy is generally indicated for uncomplicated appendicitis, where the spread of micro-organism is lower compared with open surgery indicated for perforated appendicitis, with peritonitis for example. Moreover, compared with high-income countries, only few low-income countries have the necessary infrastructure to carry out laparoscopy procedures.[@R49]

Our findings have important implications for healthcare providers and health policy makers. SSIs are among the most preventable healthcare-associated infections.[@R52] They still represent a significant burden in terms of patient morbidity and mortality and additional costs for healthcare systems.[@R40] The prevention of SSI has received considerable attention from surgeons, infection control professionals, health policy makers, the media and the public since there is a perception among the public that SSIs may reflect poor quality of care.[@R54] However, special attention is needed in low-income countries and Africa. Strategy to curb the burden of SSIs after appendectomy, as for other surgery procedures, should be focused on strategies that can help address factors associated with increased risk of SSIs. Therefore, such strategies should be a package that includes how to address the factors cited above. The 26 WHO recommendations on preventing SSIs should be disseminated and implemented,[@R40] especially in low-income countries. Strengthening the healthcare systems of low-income countries and of the countries in the WHO Afro region is of paramount importance, and can be achieved by educating and providing training to healthcare providers to enhance their skills in performing less invasive surgical procedures.

This study should however be interpreted in the context of some drawbacks. First, the included studies used different definitions of SSIs. In addition, there was some heterogeneity in terms of the surgical procedure and the profile of patients. This may have led to an overestimation or underestimation of SSI incidence by individual studies (depending on the study characteristics). Second, few studies reported on participants' characteristics and details of the surgical procedure, which can modify the risk of developing SSIs. We were not therefore able to measure their impact on our outcome of interest. Third, only a quarter of studies had low risk of bias; however, our analysis including only studies with low risk of bias yielded an estimate close to the crude incidence. Fourth, the various geographical regions and countries were variably represented, with some countries having only one study or even no study, and this could affect the generalisability of our findings.

Despite these limitations, this is the first systematic review and meta-analysis to provide a global estimate of the burden of SSI after appendectomy. A protocol had been published, and we used rigorous methodological and statistical procedures to obtain and pool data. Furthermore, subgroup analyses were conducted to investigate the various factors likely to affect our estimate.

Conclusion {#s5}
==========

This systematic review and meta-analysis compiled data from more than 700 000 people with appendicitis in 49 countries and pointed a high incidence of SSI after appendectomy, at 7 per 100 appendectomies. This estimate seemed higher in some WHO regions (especially Africa) and in low-income countries. These data suggest that less invasive procedure is associated with low incidence of SSI after appendectomy. Strategies are needed to implement already known guidelines to decrease the burden of SSI after appendectomy. However, in low-income countries which have weak health systems, cost-effectiveness studies are needed to inform policies on the best strategies to decrease the burden of SSI after appendectomy.
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